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(57) ABSTRACT

Provided are an apparatus and a method that performs
selection or display mode change of a virtual object to be
displayed depending on a real object type 1n a target area to
be a display area for the virtual object. Included are an object
identification unit that executes i1dentification processing of
a real object 1n the real world, and a content display control
unit that generates an AR 1image 1n which a real object and
a virtual object are superimposed and displayed. The object
identification unit identifies a real object 1n the target area to
be the display area for the virtual object, and the content
display control unit performs processing of selecting the
virtual object to be displayed or processing of changing the
display mode depending on the object identification result.
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IMAGE PROCESSING APPARATUS, IMAGL
PROCESSING METHOD, AND PROGRAM

CROSS REFERENCE TO PRIOR APPLICATION

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 17/628,736 (filed on Jan. 20, 2022),
which 1s a National Stage Patent Application of PCT Inter-
national Patent Application No. PCT/JP2020/026611 (filed
on Jul. 7, 2020) under 35 U.S.C. § 371, which claims priority
to Japanese Patent Application No. 2019-147046 (filed on
Aug. 9, 2019), which are all hereby incorporated by refer-
ence 1n their entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to an 1mage process-
ing apparatus, an 1image processing method, and a program.
More specifically, the present disclosure relates to an 1mage
processing apparatus, an 1image processing method, and a
program that generate and output an augmented reality (AR)
image 1n which a virtual content such as a character image
1s superimposed and displayed on a real object that can be
actually observed.

BACKGROUND ART

[0003] An image in which a virtual object 1s superimposed
and displayed on a real object that can be observed 1n a real
space, or on the real object and an 1image, 1s referred to as an
augmented reality (AR) 1image.

[0004] There are various types of virtual objects used 1n a
content and a game using an AR image, and for example, a
virtual object that behaves like a human, that 1s, a character
1s often used.

[0005] The AR image is displayed by using, for example,
a head mounted display (HMD) worn on eyes of a user, a
mobile terminal such as a smartphone, or the like.

[0006] By wviewing the AR image, the user can enjoy a
sense as if, for example, a displayed character in the AR
image exists i the real world.

[0007] In a case where a character 1s displayed in the AR
image, for example, display processing according to a
content reproduction program such as a game program 1s
performed.

[0008] Specifically, in a case where a character output
condition recorded 1n the program 1s satisfied, the character
1s displayed 1n a procedure defined in the program.

[0009] However, when such character display defined 1n
the program 1s performed, similar processing i1s always
repeated, and fun 1s diminished.

[0010] Meanwhile, in recent years, researches and uses on
semantic segmentation have been advanced as a technology
for 1dentitying an object 1n an image. The semantic segmen-
tation 1s a technology for 1dentifying types of various objects
included 1n a camera-captured image, for example, a person,
a car, a building, a road, a tree, and the like.

[0011] Note that, for example, Patent Document 1 (Japa-
nese Patent Application Laid-Open No. 2015-207291) dis-

closes the semantic segmentation.

CITATION LIST

Patent Document

[0012] Patent Document 1: Japanese Patent Application
Laid-Open No. 2015-207291
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SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0013] The present disclosure provides an 1mage process-
ing apparatus, an 1image processing method, and a program
that control a character to be displayed depending on a type
ol a real object.

[0014] An embodiment of the present disclosure provides
an 1mage processing apparatus, an 1mage processing
method, and a program that identily a background object of
an 1mage by object identification processing such as the
semantic segmentation described above and control a char-
acter to be displayed depending on an identification result.

Solutions to Problems

[0015] A first aspect of the present disclosure 1s 1n
[0016] an 1mage processing apparatus including:
[0017] an object i1dentification unit that executes i1den-

tification processing of a real object 1n a real world; and

[0018] a content display control unit that generates an
augmented reality (AR) image in which a real object
and a virtual object are superimposed and displayed, 1n
which

[0019] the object identification unit

[0020] executes object identification processing of 1den-
tifying a real object 1n a display area for the virtual
object, and

[0021] the content display control unit

[0022] selects a virtual object to be displayed depending

on an object 1identification result identified in the object
identification unit.

[0023] Moreover, a second aspect of the present disclosure
1S 1n
[0024] an 1mage processing method executed i an

image processing apparatus, the method including;:

[0025] executing, by an object i1dentification unit, an
object 1dentification processing step of executing 1den-
tification processing of a real object 1n a real world;

[0026] executing, by a content display control unit, a
content display control step of generating an aug-
mented reality (AR) image in which a real object and
a virtual object are superimposed and displayed, 1n
which

[0027] the object 1dentification processing step

[0028] 1s a step of executing object identification pro-
cessing of identiiying a real object 1n a display area for
the virtual object, and

[0029] the content display control step

[0030] executes a step of selecting a virtual object to be
displayed depending on an object 1dentification result 5
identified 1n the object i1dentification processing step.

[0031] Moreover, a third aspect of the present disclosure 1s
n

[0032] a program for causing image processing to be
executed 1n an 1mage processing apparatus, the pro-
gram:

[0033] causing an object identification unit to execute
an object 1dentification processing step ol executing
identification processing of a real object 1n a real world;

[0034] causing a content display control unit to execute
a content display control step of generating an aug-
mented reality (AR) image in which a real object and
a virtual object are superimposed and displayed;
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[0035] 1n the object 1dentification processing step,

[0036] causing object identification processing to be
executed, the object 1identification processing 1dentify-
ing a real object 1n a display area for the virtual object;

and
[0037] 1n the content display control step,
[0038] causing a step to be executed, the step selecting

a virtual object to be displayed depending on an object

identification result 1dentified 1n the object 1dentifica-

tion processing step.
[0039] Note that, the program of the present disclosure 1s,
for example, a program that can be provided by a commu-
nication medium or a storage medium provided in a com-
puter readable form to a computer system or an information
processing apparatus that can execute various program
codes. By providing such a program in a computer readable
form, processing 1s implemented according to the program
on the information processing apparatus or the computer
system.
[0040] Still other objects, features and advantages of the
present disclosure will become apparent from the detailed
description based on embodiments of the present disclosure
and attached drawings to be described later. Note that, 1n this
specification, the term “system” refers to a logical group
configuration of a plurality of apparatuses, and 1s not limited
to a system 1n which the apparatuses of respective configu-
rations are in the same housing.
[0041] According to a configuration of an embodiment of
the present disclosure, an apparatus and a method are
implemented that performs selection or display mode
change of a virtual object to be displayed depending on a
real object type 1n a target area to be a display area for the
virtual object.
[0042] Specifically, for example, included are the object
identification unit that executes 1dentification processing of
the real object in the real world, and the content display
control unit that generates the AR 1mage in which the real
object and the virtual object are superimposed and dis-
played. The object 1dentification unit identifies a real object
in the target area to be the display area for the virtual object,
and the content display control unit performs processing of
selecting the virtual object to be displayed or processing of
changing the display mode depending on the object ident-
fication result.
[0043] With this configuration, an apparatus and a method
are 1mplemented that performs selection or display mode
change of a virtual object to be displayed depending on a
real object type 1n a target area to be a display area for the
virtual object.
[0044] Note that, the advantageous eflects described 1n
this specification are merely exemplifications, and the
advantageous ellects of the present technology are not
limited to them and may include additional effects.

BRIEF DESCRIPTION OF DRAWINGS

[0045] FIG. 1 1s a diagram explaining a configuration
example of an 1mage processing apparatus ol the present
disclosure, and processing to be executed.

[0046] FIG. 2 1s a diagram explaining processing executed
by the 1image processing apparatus of the present disclosure.
[0047] FIG. 3 1s a diagram explaining processing executed
by the 1mage processing apparatus of the present disclosure.
[0048] FIG. 4 15 a diagram explaining processing executed
by the 1mage processing apparatus of the present disclosure.
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[0049] FIG. 5 1s a diagram explaining a configuration
example of the 1mage processing apparatus of the present
disclosure, and processing to be executed.

[0050] FIG. 6 1s a diagram explaining a configuration
example of the image processing apparatus of the present
disclosure, and processing to be executed.

[0051] FIG. 7 1s a diagram explaining processing executed
by the 1image processing apparatus of the present disclosure.

[0052] FIG. 8 1s a diagram explaining processing executed
by the 1mage processing apparatus of the present disclosure.

[0053] FIG. 9 1s a diagram explaining a configuration
example of the 1mage processing apparatus of the present
disclosure.

[0054] FIG. 10 1s a diagram explaiming a data configura-
tion example of spatial map data.

[0055] FIG. 11 1s a diagram explaining a data configura-
tion example of class-associated update time data.

[0056] FIG. 12 1s a diagram explaiming a data configura-
tion example of class-associated virtual object data.

[0057] FIG. 13 1s a diagram 1illustrating a flowchart
explaining a sequence of processing executed by the image
processing apparatus of the present disclosure.

[0058] FIG. 14 1s a diagram 1illustrating a flowchart
explaining a sequence of target area determination process-
ing executed by the image processing apparatus of the

present disclosure.

[0059] FIG. 15 1s a diagram 1illustrating a flowchart
explaining a sequence of target area determination process-
ing executed by the image processing apparatus of the
present disclosure.

[0060] FIG. 16 1s a diagram 1illustrating a flowchart
explaining a sequence of processing executed by the image
processing apparatus of the present disclosure.

[0061] FIG. 17 1s a diagram 1illustrating a flowchart
explaining a sequence of processing executed by the image
processing apparatus of the present disclosure.

[0062] FIG. 18 1s a diagram explaining a hardware con-
figuration example of the 1image processing apparatus of the
present disclosure.

MODE FOR CARRYING OUT THE INVENTION

[0063] Hereimnafter, with reference to the drawings, details
will be described of an 1mage processing apparatus, an
image processing method, and a program of the present
disclosure. Note that, the description will be given 1n accor-
dance with the following items.

[0064] 1. Outline of processing executed by 1mage pro-
cessing apparatus ol present disclosure

[0065] 2. Configuration example of image processing
apparatus of present disclosure

[0066] 3. Sequence of processing executed by image pro-
cessing apparatus of present disclosure

[0067] 3-(1) Basic processing sequence executed by
Image processing apparatus

[0068] 3-(2) Sequence of processing of setting set area of
target area 1n substantially horizontal surface

[0069] 3-(3) Update sequence for real object identification
processing
[0070] 4. Hardware configuration example of image pro-

cessing apparatus

[0071] 5. Summary of configuration of present disclosure
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[1. Outline of Processing Executed by Image Processing
Apparatus of Present Disclosure]

[0072] First, with reference to FIG. 1 and subsequent
figures, an outline will be described of processing executed
by the 1mage processing apparatus of the present disclosure.
[0073] FIG. 1 illustrates a head mounted display (HMD)
type light transmission type AR 1mage display device 10 as
an example of the image processing apparatus of the present
disclosure.

[0074] A user wears the head mounted display (HMD)
type light transmission type AR 1mage display device 10 to
cover eyes of the user.

[0075] The light transmission type AR i1mage display
device 10 includes a light transmission type display umnit
(display). The light transmission type display unit (display)
1s worn by the user to be set at a position 1n front of the eyes
of the user.

[0076] The user can observe an external real object as it 1s
via the light transmission type display unit (display) of the
light transmission type AR 1mage display device 10.
[0077] Moreover, a virtual object image of a virtual object,
for example, a character image or the like 1s displayed on the
light transmission type display unit (display).

[0078] The user can observe the external real object and a
virtual object image of a character or the like together via the
light transmission type AR 1mage display device 10, and can
feel a sense as 1f the virtual object such as the character
exists like the real world.

[0079] The right side of FI1G. 1 illustrates an example of an
image that can be observed by the user via the light
transmission type AR 1mage display device 10.

[0080] In (a) Observation Image Example 1, included 1s a
transmission observation image 21 including an external real
object observed via the light transmission type AR 1mage
display device 10. In the 1mage example 1, no virtual object
1s displayed.

[0081] On the other hand, (b) Observation Image Example
2 1s an 1mage example 1 which a virtual object image 22
such as a character image 1s displayed together with the
transmission observation image 21 including the external
real object observed wvia the light transmission type AR
image display device 10. The image example 2 1s an image
in which the user can observe the real object and the virtual
object together.

[0082] As described above, an 1mage 1n which a virtual
object 1s superimposed and displayed on a real object that
can be observed 1n a real space, or on the real object and an
image, 1s referred to as an augmented reality (AR) image.

[0083] The image processing apparatus oif the present
disclosure 1s an apparatus that performs display processing
of the AR 1mage.

[0084] The image processing apparatus of the present
disclosure, for example, the light transmission type AR
image display device 10 illustrated in FIG. 1 executes
display control of a virtual object in AR 1mage display.

[0085] Specific processing executed by the image process-
ing apparatus of the present disclosure, for example, the
light transmission type AR 1mage display device 10 1llus-
trated 1 FIG. 1 1s, for example, the following processing.

[0086] (a) Processing of generating a three-dimensional
map of the real world observed by the user via the light
transmission type AR i1mage display device 10 by
applying simultaneous localization and mapping
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(SLAM) processing or the like that performs seli-
position estimation and environment three-dimensional
map generation.

[0087] (b) Processing of identifyving an object included
in the real world by object i1dentification processing
such as semantic segmentation.

[0088] (c) Processing of selecting a virtual object (such
as a character) to be displayed and controlling a display
mode of the virtual object depending on an object
identification result 1n the real world.

[0089] The image processing apparatus oif the present
disclosure executes these types of processing, for example.

[0090] Withreference to FIG. 2 and subsequent figures, an
example will be described of the display control of the
virtual object executed by the image processing apparatus of
the present disclosure.

[0091] A diagram 1illustrated on the left of FIG. 2 1llus-
trates a state 1n which the user wearing the light transmission
type AR 1mage display device 10 walks around a park, and,
near the pond, performs “pointing” toward a water surface
of a pond while looking at the water surface of the pond.

[0092] The light transmission type AR image display
device 10 includes a camera, captures an image in which the
user has performed pointing, and the captured image 1s input
to a three-dimensional map generation unit via an image
analysis unit 1nside the device.

[0093] The image analysis unit extracts a feature point
from the captured image, and the three-dimensional map
generation unit generates a three-dimensional map of the
real world by using the feature point extracted from the
image.

[0094] Processing of generating the three-dimensional
map 1s executed 1n real time by simultaneous localization
and mapping (SLAM) processing, for example.

[0095] The simultaneous localization and mapping
(SLAM) processing 1s processing that enables simultaneous
execution of self-position estimation and environment three-
dimensional map generation 1n parallel.

[0096] Moreover, the three-dimensional map generated by
the three-dimensional map generation umt 1s mput to an
object 1dentification unit of the image processing apparatus.

[0097] The object identification unit uses the three-dimen-
sional map generated by the three-dimensional map genera-
tion unit to determine a real object area being 1n a pointing
direction of the user, as a target area 11. Moreover, an object
in the target area 11 1s identified.

[0098] The object 1dentification unit performs 1dentifica-
tion processing of an object 1 the real world by applying
semantic segmentation processing, for example.

[0099] Semantic segmentation 1s a type of 1mage recog-
nition processing, and 1s a method of performing a task of
recognizing what an object in an 1mage 1s at a pixel level by
using deep learning. It 1s a technology of 1dentitying which
object category each of constituent pixels (pixels) of an
image belongs to, on the basis of a matching degree
between, for example, dictionary data (learned data) for
object 1dentification 1n which shape information and other
feature information of various actual objects are registered
and, for example, an object in a camera-captured 1mage.

[0100] With the semantic segmentation, it 1s possible to
identily types of various objects included in the camera-
captured 1image, for example, a person, a car, a building, a
road, a tree, a pond, a lawn, and the like.
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[0101] In the example illustrated 1n FIG. 2, the image
analysis unit of the light transmaission type AR 1mage display
device 10 determines that an object 1n the target area 11 1n
the pointing direction of the user 1s a “pond” on the basis of
the camera-captured image.

[0102] Moreover, a content display control unit that
executes virtual object display control in the light transmis-
sion type AR image display device 10 inputs an object
identification result for the target area 11, and determines
and displays selection processing and a display mode of a
virtual object (character or the like) to be displayed in
accordance with the object 1dentification result.

[0103] Inthe example illustrated in FI1G. 2, as illustrated 1n
(b) Observation Image Example 2 on the right side of FIG.
2, control 1s performed to display an 1image of a “water fairy
character” as the virtual object image 22.

[0104] This 1s display control based on an analysis result
that the real object 1n the pointing direction of the user 1s the
“pond”’.

[0105] That 1s, the content display control unit performs
processing of selecting and displaying the “water fairy
character” as an optimal virtual object according to the
object 1dentification result="pond” for the target area 11.

[0106] Note that, the virtual object image 22 1s displayed
as, for example, a 3D content 1mage.

[0107] FIG. 3 1s a diagram explaining a display control
example of a different virtual object executed by the image
processing apparatus of the present disclosure.

[0108] Similarly to FIG. 2, a diagram illustrated on the left
of FIG. 3 1s a diagram 1n which the user wearing the light
transmission type AR 1image display device 10 walks around
the park. The user points in a direction of a lawn while
looking at the lawn 1n the park.

[0109] In this case, the object identification unit of the
light transmission type AR 1mage display device 10 outputs
an analysis result that an object 1n the target area 11 that 1s
the pointing direction of the user 1s a “lawn” by an analysis
of the camera-captured 1mage.

[0110] Moreover, the content display control umt of the
light transmission type AR 1mage display device 10 inputs
an object identification result for the target area 11, and
determines and displays selection processing and a display
mode ol a wvirtual object (character or the like) to be
displayed 1n accordance with the object identification result.

[0111] In the example 1llustrated 1n FIG. 3, as illustrated 1n
(b) Observation Image Example 2 on the right side of FIG.
3, control 1s performed to display an image of a “grassland
fairy character” as a virtual object image 23.

[0112] 'This 1s display control based on an analysis result
that the real object in the pointing direction of the user 1s the
“lawn”.

[0113] 'That 1s, the content display control unit performs
processing of selecting and displaying the “lawn fairy char-
acter” as an optimal virtual object according to the object
identification result="lawn” for the target area 11.

[0114] FIG. 4 1s a diagram explaining a display control
example of a different virtual object executed by the image
processing apparatus of the present disclosure.

[0115] Simalarly to FIGS. 2 and 3, a diagram 1llustrated on
the left of FIG. 4 1s a diagram 1n which the user wearing the
light transmaission type AR 1mage display device 10 walks
around the park. The user points 1n a direction of a tree while
looking at the tree 1n the park.
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[0116] In this case, the object i1dentification unit of the
light transmaission type AR 1mage display device 10 outputs
an analysis result that an object 1n the target area 11 that 1s
the pointing direction of the user 1s a “tree” by an analysis
of the camera-captured 1image.

[0117] Moreover, the content display control unit of the
light transmission type AR 1mage display device 10 inputs
an object 1dentification result for the target area 11, and
determines and displays selection processing and a display
mode of a virtual object (character or the like) to be
displayed 1n accordance with the object identification result.
[0118] Inthe example illustrated 1n FIG. 4, as illustrated 1n
(b) Observation Image Example 2 on the nght side of FIG.
4, control 1s performed to display an image of a “tree fairy
character” as the virtual object image 23.

[0119] This 1s display control based on an analysis result
that the real object 1n the pointing direction of the user 1s the
“tree”.

[0120] That 1s, the content display control unit performs
processing of selecting and displaying the “tree fairy char-
acter” as an optimal virtual object according to the object
identification result="‘tree” for the target area 11.

[0121] As described above, the 1mage processing appara-
tus of the present disclosure performs three-dimensional
shape analysis 1n the real world by using SLAM processing
or the like, generates a three-dimensional map in the real
world, and moreover, identifies an object in a target area in
the three-dimensional map in the real world by object
identification processing such as the semantic segmentation,
and executes display control of a virtual object such as a
character to be displayed depending on an identification
result.

[0122] Note that, a target of the real object to be analyzed
by the object 1dentification processing such as the semantic
segmentation can be processed, for example, only in a
limited area designated by the user’s finger, that 1s, the target
area. Thus, high-speed processing 1s implemented by limiat-
ing an analysis range.

[0123] Note that, the image processing apparatus of the
present disclosure 1s not limited to the head mounted display
(HMD) type light transmission type AR 1mage display
device 10 described with reference to FIG. 1, and can be
configured by an apparatus including various display units.
[0124] For example, a camera-captured image display
type AR 1mage display device 30 illustrated in FIG. 5 may
be used. The camera-captured 1image display type AR 1image
display device 30 1illustrated in FIG. 5 includes a non-
transmission type display unit (display). The light transmis-
s1on type display unit (display) 1s worn by the user to be set
at a position 1n front of the eyes of the user, which can be
observed by the user.

[0125] A captured image by the camera 31 integrated with
the camera-captured image display type AR 1image display
device 30, that 1s, a camera-captured 1image 32 illustrated 1n
FIG. § 1s displayed on the display unit in front of the eyes
of the user. That 1s, an 1image of a real object captured by the
camera 31 1s displayed on the display unit 1n front of the eyes
of the user, and the user can confirm an external scene by
viewing the camera-captured image 32.

[0126] Moreover, the virtual object image 22 of a virtual
object, for example, a character image or the like 1s dis-
played on the display unit (display).

[0127] The user can observe the camera-captured image
32 displayed on the display unit (display) of the camera-
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captured image display type AR image display device 30,
that 1s, a real object image, and the virtual object image 22
of the character or the like together, and can feel a sense as
il the virtual object such as the character exists like the real
world.

[0128] Moreover, the 1mage processing apparatus of the
present disclosure can be a portable display apparatus such
as a smartphone 40 as illustrated 1n FIG. 6.

[0129] The smartphone 40 illustrated 1n FIG. 6 includes a
display unit and a camera 41. A captured image by the
camera 41, that 1s, a camera-captured image 42 illustrated 1n
the figure 1s displayed on the display unit. That 1s, an 1mage
of a real object captured by the camera 41 1s displayed on the
display unit, and the user can confirm an external scene by
viewing the camera-captured image.

[0130] Moreover, a virtual object image of a virtual object,
for example, a character image or the like 1s displayed on the
display unit (display).

[0131] The user can observe the camera-captured image
displayed on the display unit (display) of the smartphone 40,
that 1s, a real object 1image together with a virtual object
image ol a character or the like, and can feel a sense as 11 the
virtual object such as the character exists like the real world.
[0132] Note that, 1n the example of the smartphone 40, 1n
a case where the user touches a certain position of the
display unit of the smartphone 40, the image analysis unit of
the 1mage processing apparatus (smartphone) analyzes the
touched position and further determines the type of the real
object at the touched position. Thereafter, the content dis-
play control unit of the 1mage processing apparatus (smart-
phone) executes display control of the virtual object such as
the character depending on a result of the determination.
[0133] As described above, the 1image processing appara-
tus of the present disclosure performs object identification
such as whether a real object being 1n a target area to be a
display position of a virtual object 1s water, grass, or a tree,
and performs processing of selecting and displaying a virtual
object such as a character to be displayed depending on an
identification result.

[0134] Moreover, the 1mage processing apparatus of the
present disclosure executes not only the selection processing,
ol a virtual object to be displayed according to a result of
identification of the real object 1n the target area, but also
processing ol changing the display mode of the wvirtual
object such as the character depending on the real object
identification result.

[0135] With reference to FIG. 7 and subsequent figures, a
specific example will be described of processing of changing
the display mode of the virtual object according to the real
object 1dentification result.

[0136] FIG. 7 illustrates a display example of an AR 1image
in which a virtual object (character) jumps out of a pond that
1s a real object, as an example of the AR 1mage displayed on
the display unit of the image processing apparatus of the
present disclosure.

[0137] The content display control unit of the image
processing apparatus ol the present disclosure performs
processing of causing a virtual object such as a character
displayed in the target area to move or behave 1n accordance
with a preset program.

[0138] The example illustrated in FIG. 7 illustrates an
example of performing a display in which the character
displayed in the target area 11 1s moved in the upward
direction.
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[0139] FIG. 7 (1), Moment-1 when the virtual object
(character) jumps out of the pond, is a state 1n which only an
upper half of the virtual object (character) 1s displayed on the
water and a lower half 1s 1n the water.

[0140] In such a state, as illustrated in FIG. 7 (1), the
content display control unit of the image processing appa-
ratus displays a virtual object image 50 on the water and a
virtual object 1image 351 1n the water in different display
modes.

[0141] That 1s, the virtual object image 50 on the water 1s
displayed as a normal image with a clear outline, while the
virtual object image 51 in the water 1s displayed as an 1image
with three-dimensional distortion as being present in the
water.

[0142] Moreover, a content sound control unit of the
image processing apparatus outputs a sound of water
(splashing sound or the like) via a speaker as a sound eflect
when the character moves onto the water.

[0143] FIG. 7 (2), Moment-2 when the virtual object
(character) jumps out of the pond, 1s an AR 1mage display
example after F1G. 7 (1). At this point, the whole body of the
virtual object (character) 1s displayed above the water. In this
state, the virtual object image 50 above the water 1s an 1mage
of the entire character, and the content display control unit
of the image processing apparatus displays an entire char-
acter 1mage as an 1mage with a clear outline.

[0144] FIG. 8 1s a diagram explaining another specific
example of the processing of changing the display mode of
the virtual object such as the character depending on the real
object 1dentification result.

[0145] FIG. 8 illustrates a display example of an AR image
in which a shadow of a virtual object (character) 1s dis-
played, as an example of the AR image displayed on the
display unit of the image processing apparatus of the present
disclosure.

[0146] That 1s, when the content display control unit
displays the character in the target area 11, the shadow of the
character 1s also displayed.

[0147] “(1) Dasplay example of shadow of character in
case where surface on which shadow appears 1s flat surface™
illustrated i FIG. 8 1s a display example of a shadow 1n a
case where a surface on which the shadow of the virtual
object (character) image 50 appears 1s a flat surface such as
a floor 1n a room or a sidewalk outside.

[0148] As described above, m the case where the surface
on which the shadow of the virtual object (character) image
50 appears 1s the flat surface, when displaying the virtual
object image 50 that 1s a three-dimensional character 1n the
target area 11, the content display control unit of the image
processing apparatus displays a virtual object shadow 1mage
52 indicating the shadow of the virtual object image 50 as an
image with a clear outline.

[0149] On the other hand, FIG. 8 “(2) Display example of
shadow of character 1n case where surface on which shadow
appears 1s non-flat surface (sand pit or the like)” 1s a display
example of a shadow 1n a case where the surface on which
the shadow of the wvirtual object (character) image 50
appears 1s not a flat surface, for example, a sand pit.

[0150] As described above, 1n a case where the surface on
which the shadow of the virtual object (character) image 350
appears 15 a bumpy surface such as a sand pit, when
displaying the wvirtual object image 50 that 1s a three-
dimensional character in the target areca 11, the content
display control unit of the image processing apparatus
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displays the virtual object shadow 1mage 352 indicating the
shadow of the virtual object 1mage 50 as a bumpy 1mage
with an unclear outline.

[0151] As described above, the content display control
unit of the 1image processing apparatus of the present dis-
closure performs control to change the display mode of the
virtual object and perform display depending on the result of
identification of the real object in the target area 1n which the
virtual object 1s displayed, and furthermore, the content
sound control umt performs output control of the sound
cllect depending on the result of identification of the real
object 1n the target area.

[2. Configuration Example of Image Processing Apparatus
ol Present Disclosure]

[0152] Next, a configuration example will be described of
the 1mage processing apparatus of the present disclosure.

[0153] As described above, the 1image processing appara-
tus of the present disclosure can be implemented as an
apparatus having various forms, such as the light transmis-
sion type AR 1mage display device 10 described with
reference to FIG. 1, the camera-captured image display type
AR 1mage display device 30 described with reference to
FIG. 5, or a portable display apparatus such as the smart-
phone 40 described with reference to FIG. 6.

[0154] FIG. 9 1s a block diagram illustrating a configura-
tion example of the i1mage processing apparatus of the
present disclosure that can take these various forms.

[0155] A configuration will be described of an image
processing apparatus 100 illustrated 1n FIG. 9.

[0156] As illustrated 1in FIG. 9, the image processing
apparatus 100 includes a data mput unit 110, a data pro-
cessing umt 120, a data output unit 130, and a communica-
tion unit 140.

[0157] The data mnput unit 110 includes an external 1imag-
ing camera 111, an internal 1maging camera 112, a motion
sensor (gyro, acceleration sensor, or the like) 113, an opera-
tion unit 114, and a microphone 115.

[0158] The data processing umt 120 includes an exter-
nally-captured image analysis unit 121, a three-dimensional
map generation unit 122, an internally-captured image
analysis unit 123, a device posture analysis unit 124, a sound
analysis unit 125, an object identification unit 126, spatial
map data 127, and class-associated update time data 128.

[0159] The data output unit 130 includes a content display
control unit 131, a content sound control unit 132, a display
unit 133, a speaker 134, and class-associated virtual object

data (3D model, sound data, and the like) 135.

[0160] The external imaging camera 111 of the data input
unit 110 captures an external image. For example, an image
1s captured of an outside scene or the like 1n an environment
where the user wearing the HMD 1s present. In the case of
a mobile terminal such as a smartphone, a camera included
in the smartphone or the like 1s used.

[0161] The internal imaging camera 112 basically 1s a
component umque to the HMD, and captures an image of an
area of the eyes of the user for analyzing a line-of-sight
direction of the user.

[0162] The motion sensor (gyro, acceleration sensor, or
the like) 113 detects posture and movement of the image
processing apparatus 100 main body, for example, an HMD,
a smartphone, or the like.
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[0163] The motion sensor di 113 includes, for example, a
gyro, an acceleration sensor, an orientation sensor, a single
positioning sensor, an mertial measurement umt (IMU), and

the like.

[0164] The operation unit 114 1s an operation unit that can
be operated by the user, and 1s used for mnput of a target area,
input of other processing instructions, and the like, for
example.

[0165] The microphone 115 1s used for input of an mstruc-
tion by voice input by the user, and the like. Furthermore, the
microphone can also be used to input external environmental
sound.

[0166] Next, components of the data processing unit 120
will be described.

[0167] The externally-captured image analysis unit 121
inputs a captured image of the outside captured by the
external 1imaging camera 111, and extracts a feature point
from the externally-captured image.

[0168] Processing of extracting the feature point 1s a
feature point used for generating a three-dimensional map,
and extracted feature point information i1s input to the
three-dimensional map generation unit 122 together with the
captured 1mage of the outside captured by the external
imaging camera 111.

[0169] The three-dimensional map generation unit 122
generates a three-dimensional map including an external real
object on the basis of the captured image of the outside
captured by the external imaging camera 111 and the feature

point extracted by the externally-captured image analysis
unit 121.

[0170] Processing of generating the three-dimensional
map 15 executed as real-time processing by simultaneous
localization and mapping (SLAM) processing, for example.

[0171] As described above, the simultaneous localization
and mapping (SLAM) processing 1s processing that enables
simultaneous execution of seli-position estimation and envi-
ronment three-dimensional map generation 1n parallel.

[0172] Three-dimensional map data of an external envi-
ronment generated by the three-dimensional map generation
umt 122 1s mput to the object identification unit 126.

[0173] The imternally-captured image analysis unit 123
analyzes the line-of-sight direction of the user on the basis
of the image of the area of the eyes of the user captured by
the internal 1maging camera 112. Similarly to the internal
imaging camera 112 described above, the internally-cap-
tured 1mage analysis unit 123 basically 1s a component
unique to the HMD.

[0174] User line-of-sight information analyzed by the
internally-captured 1image analysis unit 123 1s mput to the
object 1dentification unit 126.

[0175] The device posture analysis unit 124 analyzes the
posture and movement of the 1mage processing apparatus
100 main body such as an HMD or a smartphone on the basis
of sensor detection mformation measured by the motion
sensor (gyro, acceleration sensor, or the like) 113.

[0176] Posture and movement information of the image
processing apparatus 100 main body analyzed by the device

posture analysis unit 124 are input to the object identifica-
tion unit 126.

[0177] The sound analysis umt 125 analyzes a user voice
and an environmental sound input from the microphone 115.
An analysis result 1s mput to the object identification unit

126.
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[0178] The object 1dentification unit 126 inputs the three-
dimensional map generated by the three-dimensional map
generation unit 122, determines a target area to be set as a
display area for a virtual object, and further executes 1den-
tification processing of a real object 1n the determined target
area. Object 1dentification processing 1s executed, for
example, the target area 1s a pond, a tree, or the like.
[0179] Processing of identifying the target area can be
executed by various methods.
[0180] For example, 1t can be performed by using an
image of the user’s finger included 1n the three-dimensional
map.
[0181] An intersection 1s obtained between an extension
line 1n a pointing direction of the user and the real object on
the three-dimensional map, and for example, a circular area
having a predefined radius centered on the intersection 1s
determined as the target area.
[0182] Note that, designation of the target area can also be
performed by a method other than pointing by the user. The
object 1dentification unit 126 can use any of the following
information as information for use in determining the target
area.
[0183] (a) User line-of-sight information analyzed by
the internally-captured 1mage analysis unit 123
[0184] (b) Posture and movement information of the
image processing apparatus 100 main body analyzed by
the device posture analysis unit 124
[0185] (c) User operation information mput via the
operation unit 114
[0186] (d) User voice information analyzed by the
sound analysis unit 125
[0187] In a case where “(a) user line-of-sight information
analyzed by the internally-captured image analysis unit 123”
1s used, the object identification unit 126 obtains an inter-
section between an extension line of the line-of-sight direc-
tion of the user and the real object on the three-dimensional
map, and determines, as the target area, a circular area
having a predetermined radius centered on the intersection,
for example.
[0188] In a case where *““(b) posture and movement infor-
mation of the image processing apparatus 100 main body
analyzed by the device posture analysis unit 124” 1s used,
the object i1denftification unit 126 obtains an intersection
between an extension line 1n a frontward direction of the
HMD worn by the user or the smartphone held by the user
and the real object on the three-dimensional map, and
determines, as the target area, a circular area having a
predetermined radius centered on the intersection, for
example.
[0189] In a case where “(c) user operation information
input via the operation unit 114” 1s used, the object identi-
fication umt 126 determines the target area on the basis of,
for example, user operation mformation input via the mput
unit of the 1mage processing apparatus 100.
[0190] For example, 1n a configuration using the smart-
phone illustrated in FIG. 6 described earlier, 1t 1s possible to
perform processing of mputting screen position designation
information by the user’s finger as the user operation infor-
mation and setting a designated position of the screen
position designation information as the center position of the
target area.
[0191] Note that, 1n addition to this, a bar-shaped 1ndica-
tion member separated from the 1image processing apparatus
100 may be used as the operation umit 114, indication
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direction information by the indication member may be
input to the object identification unit 126, and the target area
may be determined on the basis of the indication direction.

[0192] In a case where “(d) user voice mformation ana-
lyzed by the sound analysis unit 1257 1s used, the object
identification unit 126 analyzes, for example, an utterance
by the user to determine the target area.

[0193] For example, in a case where the user utterance 1s
an utterance such as “pond 1n front”, the color 1s determined
as the target area.

[0194] Moreover, the object 1dentification unit 126 may
perform target area determination processing other than
these. For example, detection processing of a horizontal
surface such as a ground surface, a floor surface, or a water
surface may be executed, on the basis of the three-dimen-
sional map generated on the basis of an 1image captured by
the external imaging camera 111 or detection mformation
from the motion sensor 113, and processing may be executed
of determining, as the target area, an area of a horizontal
surface closest to the center area of the captured 1mage.

[0195] Furthermore, processing may be performed 1n
which, for example, the user performs an operation of
throwing a virtual ball, an 1mage of the wvirtual ball 1s
captured by the external imaging camera 111, a landing point
of the ball 1s analyzed by analyzing the captured image, and
the landing point 1s set to the center position of the target
area.

[0196] The object 1dentification unit 126 determines a
target area to be a virtual object display area by using any of
the above-described methods. Moreover, 1dentification pro-
cessing 15 executed of a real object 1n the determined target
area. Object 1dentification processing 1s executed, for
example, the target area 1s a pond, a tree, or the like.

[0197] As described above, the object 1dentification pro-
cessing of the real object 1s executed by applying the
semantic segmentation processing, for example.

[0198] The semantic segmentation 1s a technology of
identifying which object category each of constituent pixels
(pixels) of an 1mage belongs to, on the basis of a matching,
degree between, for example, dictionary data (learned data)
for object i1dentification in which shape information and
other feature information of various actual objects are reg-
istered and, for example, an object in a camera-captured
image.

[0199] With the semantic segmentation, it 1s possible to
identily types of various objects included in the camera-
captured 1mage, for example, a person, a car, a building, a
road, a tree, a pond, a lawn, and the like.

[0200] Note that, the 1dentification processing of the real
object executed by the object i1dentification unit 126 1is
executed for only the target area or only a limited range of
a surrounding area including the target area. By performing
such processing 1n a limited range, high-speed processing,
that 1s, real-time processing can be performed. Note that.
The real-time processing means that the 1dentification pro-
cessing of the real object 1s immediately executed after the
target area 1s designated by the user, for example. As a result,
the object 1dentification 1s completed without a time delay
while the user observes the target area, for example.

[0201] The result of 1dentification of the real object in the
target area analyzed by the object 1dentification unit 126 1s
input to the content display control unit 131 and the content
sound control unit 132 of the data output unit 130.
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[0202] The content display control unit 131 of the data
output unit 130 mputs the object identification result for the
target area from the object identification unit 126, deter-
mines selection processing and a display mode of a virtual
object (character or the like) to be displayed 1n accordance
with the object identification result, and displays the virtual
object on the display unit 133.

[0203] Specifically, the display processing 1s executed of
the virtual object (character or the like) as illustrated in
FIGS. 2 to 4, 7, and 8 described earlier, for example.
[0204] The content sound control umt 132 of the data
output unit 130 inputs the object identification result for the
target area from the object identification unit 126, deter-
mines a sound to be output 1n accordance with the object
identification result, and outputs the sound via the speaker
134.

[0205] Specifically, for example, as illustrated 1n FIG. 7
described earlier, in a case where a virtual object appears
from a pond that 1s a real object, processing of outputting a
sound of water 1s executed.

[0206] Note that, the content display control unit 131 and
the content sound control unit 132 of the data output unit 130
acquire a 3D content and various sound data of the fancy-
dress object recorded in the class-associated virtual object
data 135 and execute data output.

[0207] In the class-associated virtual object data 135, the
3D content and various sound data of the fancy-dress object
for display associated with a real object type (class) corre-
sponding to the result of 1dentification of the real object 1n
the target area are recorded.

[0208] A specific example of the class-associated virtual
object data 135 will be described later.

[0209] Furthermore, in a case where the 1mage processing
apparatus 100 1s configured to perform processing of dis-
playing a camera-captured image, for example, as in the
camera-captured 1mage display type AR image display
device 30 described with reference to FIG. 5 or the smart-
phone 40 described with reference to FIG. 6, the content
display unit 131 mnputs the captured 1mage of the external
imaging camera 11, generates a display image 1n which a
virtual object 1s superimposed on the captured image, and
displays the display image on the display unit 133.

[0210] The communication unit 140 communicates with,
for example, an external server and acquires a 3D content of
a character that 1s a virtual content. In addition, various data
and parameters required for data processing may be acquired
from the external server.

[0211] Note that, the object 1dentification unit 126 stores
the 1dentification result 1n a storage unit as the spatial map
data 127 when performing the i1dentification processing of
the real object 1n the target area.

[0212] FIG. 10 illustrates a data configuration example of
the spatial map data 127.

[0213] As 1illustrated 1 FIG. 10, associated data of each
piece of data below 1s stored in the spatial map data.

[0214] (a) Time stamp (sec)
[0215] (b) Position mformation
[0216] (c) Class
[0217] (d) Elapsed time after identification processing
(sec)
[0218] The (a) time stamp (sec) 1s time information on

execution of the object identification processing.
[0219] The (b) position information 1s position mnforma-
tion of a real object that 1s an object identification target. As
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a method of recording the position information, various
methods can be used. The example 1llustrated 1n the figure
1s an example described as a mesh by a list of three-
dimensional coordinates (X, v, z). In addition, for example,
position information of the center position of the target area
may be recorded.

[0220] The (c) class 1s object type information as an object
identification result.

[0221] The (d) elapsed time after identification processing
(sec) 1s an elapsed time from completion of the object
identification processing.

[0222] Note that, the object identification umt 126
executes the i1dentification processing of the real object 1n
the target area immediately after the target area 1s deter-
mined, and therealter, repeatedly executes the object 1den-
tification processing for the area and sequentially updates
the spatial map data illustrated in FIG. 10.

[0223] However, an iterval of the update processing
varies depending on a type (class) of the identified real
object.

[0224] Specified data of update times different depending

on the type (class) of the real object 1s registered 1n advance
as the class-associated update time data 128.

[0225] FIG. 11 illustrates a data example of the class-
associated update time data 128.

[0226] As 1illustrated in FIG. 11, the class-associated
update time data 128 1s data 1n which pieces of data below
are associated with each other.

[0227] (a) ID

[0228] (b) Category

[0229] (c) Class

[0230] (d) Update time (sec)

[0231] The (a) ID 1s an identifier of registered data.
[0232] The (b) category 1s a category of a type (class) of
the real object.

[0233] The (c) class 1s type information of the real object.
[0234] The (d) update time (sec) i1s a time indicating an
update 1nterval of the real object 1dentification processing.
[0235] For example, in a case of the class (object type) of
ID001=lawn, the update time 1s 3600 sec (=1 hour). In an
object such as the lawn, a change with a lapse of time 1s
small, and the update time 1s set to be long.

[0236] On the other hand, for example, in a case of the
class (object type) of ID=004=shadow, the update time 1s 2
sec. In an object such as the shadow, a change with a lapse
of time 1s large, so that the update time 1s set to be short.
[0237] The object identification unit 126 refers to the data
of the class-associated update time data 128, and repeatedly
executes the object 1dentification processing at a time 1nter-
val defined for the 1dentified object as needed. Real objects
detected by new 1dentification processing are sequentially
registered as the spatial map data 127 described with refer-
ence to FIG. 10.

[0238] Furthermore, as described above, the content dis-
play control unit 131 and the content sound control unit 132
of the data output unit 130 acquire the 3D content and
various sound data of the fancy-dress object recorded 1n the
class-associated virtual object data 135 and execute data
output.

[0239] In the class-associated virtual object data 135, the
3D content and various sound data of the fancy-dress object
for display associated with a real object type (class) corre-
sponding to the result of 1dentification of the real object 1n
the target area are recorded.
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[0240] A specific example of the class-associated virtual
object data 135 will be described with reference to FIG. 12.

[0241] As illustrated in FIG. 12, pieces of data below are
recorded 1n association with each other 1n the class-associ-
ated virtual object data 135.

[0242] (a) Class

[0243] (b) Virtual object 3D model (character 3D

model)

[0244] (c) Output sound
[0245] The (a) class 1s type information of the real object.
[0246] As the (b) virtual object 3D model (character 3D
model), 3D models are registered of virtual objects (char-
acters) to be output (displayed) depending on each class, that
1s, the type of the real object 1n the target area. Note that, 1n
the example illustrated in the figure, the ID of the 3D model
and the 3D model are recorded together, but for example,
only the ID may be recorded, and the 3D model associated
with the ID may be acquired from another database on the
basis of the ID.
[0247] As the (¢) output sound, sound data 1s registered to
be output depending on each class, that 1s, the type of the real
object 1n the target area.
[0248] As described above, 1n the class-associated virtual
object data 135, the 3D content and various sound data of the
fancy-dress object for display associated with the real object
type (class) corresponding to the result of identification of
the real object 1n the target area are recorded.
[0249] Note that, output mode information of each virtual
object 1s also recorded 1n the class-associated virtual object
data 135. For example, as described earlier with reference to
FIGS. 7 and 8, information 1s also recorded, such as display
mode information in a case where the real object 1n the target
area 1s water, or display mode information 1n a case where
the real object 1n the target area 1s a sand pit.
[0250] The content display control unit 131 and the con-
tent sound control unit 132 of the data output unit 130
acquire the 3D content and various sound data of the
fancy-dress object recorded in the class-associated virtual
object data 135 storing the data as 1llustrated 1n FIG. 12 and
execute data output.

[3. Sequence of Processing Executed by Image Processing
Apparatus of Present Disclosure]

[0251] Next, a sequence will be described of processing
executed by the image processing apparatus 100 of the
present disclosure.
[0252] Note that, a plurality of processing sequences
described below will be sequentially described.
[0253] (1) Basic processing sequence executed by
1mage processing apparatus
[0254] (2) Sequence of processing of setting set area of
target area 1n substantially horizontal surface
[0255] (3) Update sequence for real object identification
processing,

(3-(1) Basic Processing Sequence Executed by Image
Processing Apparatus)

[0256] First, with reference to a flowchart illustrated 1n
FIG. 13, a sequence will be described of basic processing
executed by the image processing apparatus 100 of the
present disclosure.

[0257] Note that, processing according to flowcharts 1llus-
trated 1 FIG. 13 and subsequent figures i1s processing
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mainly executed 1n the data processing unit 120 of the image
processing apparatus 100. The data processing unit 120
includes a CPU having a program execution function, and
executes processing according to a flow 1n accordance with
a program stored 1n the storage unit.

[0258] Hereinatter, processing will be described of each
step of the flow illustrated 1n FIG. 13.

(Step S101)

[0259] First, 1n step S101, the data processing unit 120 of
the 1mage processing apparatus 100 inputs a captured image
by the external imaging camera.

(Step S102)

[0260] Next, in step S102, the data processing unit 120
extracts a feature point from the captured image input by the
external 1maging camera.

[0261] This processing 1s processing executed by the
externally-captured 1mage analysis unit 121 of the data
processing unit 120 illustrated in FIG. 9.

[0262] The externally-captured image analysis unit 121
extracts a feature point from the captured image mput by the
external 1imaging camera. Processing of extracting the fea-
ture point 1s a feature point used for generating a three-
dimensional map, and extracted feature point information 1s
input to the three-dimensional map generation unmt 122
together with the captured image of the outside captured by
the external 1maging camera.

(Step S103)

[0263] Next, 1n step S103, the data processing unit gen-
crates a three-dimensional map by using a captured 1image of
the outside captured by the external imaging camera and
feature point information thereof.

[0264] This processing 1s processing executed by the
three-dimensional map generation unit 122 of the data
processing unit 120 illustrated 1n FIG. 9.

[0265] The three-dimensional map generation unit 122
generates a three-dimensional map including an external real
object on the basis of the captured image of the outside
captured by the external imaging camera 111 and the feature
point extracted by the externally-captured image analysis
unit 121.

[0266] Processing of generating the three-dimensional
map 15 executed as real-time processing by simultaneous
localization and mapping (SLAM) processing, for example.

(Step S104)

[0267] Next, in step S104, the data processing unit
executes target area determination processing.

[0268] This processing 1s processing executed by the
object 1dentification unit 126 of the data processing unit 120
illustrated in FIG. 9.

[0269] The object 1dentification unit 126 determines the
target area to be the virtual object display area.

[0270] As described above, various methods can be
applied to the target areca determination processing.

[0271] For example, 1t can be performed by using an
image of the user’s finger included 1n the three-dimensional
map.

[0272] That 1s, an intersection 1s obtained between an

extension line 1n a pointing direction of the user and the real
object on the three-dimensional map, and for example, a
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circular area having a predefined radius centered on the
intersection 1s determined as the target area.
[0273] Moreover, 1t 1s also possible to determine the target
area by using input information from each component of the
data mput unit 110 1illustrated in FIG. 9. Specifically, the
input information 1s the following input information.
[0274] (a) User line-of-sight information analyzed by
the internally-captured 1mage analysis unit 123
[0275] (b) Posture and movement information of the
image processing apparatus 100 main body analyzed by
the device posture analysis unit 124
[0276] (c) User operation information input via the
operation unit 114
[0277] (d) User voice miformation analyzed by the
sound analysis unit 125
[0278] For example, the target arca may be determined by
using any of these pieces of mput information.

[0279] A representative target area determination
sequence will be described with reference to FIGS. 14 and
15.

[0280] FIG. 14(1) illustrates a target area determination

sequence based on an analysis of the pointing direction of
the user. The target area determination processing based on
the analysis of the pointing direction of the user 1s executed
in the following processing sequence.

[0281] First, in step S211, the pointing direction of the
user 1s analyzed. This analysis processing 1s executed by
using the three-dimensional map generated by the three-
dimensional map generation unit 122.

[0282] Next, mn step S212, an intersection between a
straight line formed by the extension line in the pointing
direction of the user and the real object 1s detected. This
processing 1s also executed by using the three-dimensional
map generated by the three-dimensional map generation unit
122.

[0283] Finally, 1n step S213, a circular area centered on the
intersection between the straight line formed by the exten-
sion line 1n the pointing direction of the user and the real
object 1s determined as the target area.

[0284] Note that, a shape of the target area 1s arbitrary, and
may be a rectangular shape besides a circular shape. The size
of the target area 1s also arbitrary, and can be set in various
S1ZES.

[0285] However, 1t 1s preferable that the shape and size are
defined 1n advance, and the target area 1s determined 1n
accordance with the definition.

[0286] FIG. 14(2) illustrates a target area determination
sequence based on an analysis of a user line-of-sight direc-
tion. The target area determination processing based on the
analysis of the user line-of-sight direction 1s executed in the
tollowing processing sequence.

[0287] First, 1in step S221, the line-of-si1ght direction of the
user 1s analyzed. This analysis processing 1s executed by the
internally-captured image analysis unit 123 on the basis of
the captured image by the internal 1imaging camera 112.
[0288] Next, mn step S222, an intersection between a
straight line formed by an extension line of the user line-
of-sight direction and the real object 1s detected. This
processing 1s executed by using the three-dimensional map
generated by the three-dimensional map generation unmt 122.
[0289] Finally, in step S223, a circular area centered on the
intersection between the straight line formed by the exten-
s10n line of the user line-of-sight direction and the real object
1s determined as the target area.
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[0290] Note that, as described above, the shape and size of
the target area can be variously set.

[0291] FIG. 15(3) illustrates a target area determination
sequence based on an analysis of user operation information.
The target area determination processing based on the analy-
si1s of the user operation imformation 1s executed in the
following processing sequence.

[0292] First, 1n step S231, the user operation information
1s analyzed. For example, the user operation 1s touch opera-
tion on the smartphone described earlier with reference to

FIG. 6.

[0293] Next, 1in step S232, a real object designated posi-
tion based on the user operation information 1s detected.
This processing 1s executed as, for example, detection
processing of a user’s finger contact position.

[0294] Finally, in step S233, a circular area centered on the
real object designated position based on the user operation
information 1s determined as the target area.

[0295] Note that, as described above, the shape and size of
the target area can be variously set.

[0296] FIG. 15(4) illustrates a target area determination
sequence based on an analysis of user voice information.
The target area determination processing based on the analy-
s1s of the user voice information 1s executed 1n the following
processing sequence.

[0297] First, in step S241, a user ufterance voice 1S ana-
lyzed. For example, the user utterance voice such as “pond
in front” 1s analyzed.

[0298] Next, 1in step S242, a real object designated posi-
tion based on the user voice information 1s detected.

[0299] Finally, in step S243, a circular area centered on the
real object designated position based on the user utterance
voice 1s determined as the target area.

[0300] Note that, as described above, the shape and size of
the target area can be variously set.

[0301] In addition to the description with reference to
FIGS. 14 and 15, for example, the following target area
determination processing may be performed.

[0302] (a) Target area determination processing using
posture and movement information of the image pro-
cessing apparatus 100 main body analyzed by the
device posture analysis unit 124.

[0303] (b) Processing of executing detection processing,
of a horizontal surface such as a ground surtface, a floor
surface, or a water surface on the basis of a three-
dimensional map generated on the basis of an 1mage
captured by the external imaging camera 111 or detec-
tion nformation from the motion sensor 113, and
determining, as the target area, an area of the horizontal
surface closest to the center area of the captured image.

[0304] (c) Processing in which the user performs an
operation of throwing a virtual ball, an 1mage of the
virtual ball 1s captured by the external 1maging camera
111, a landing point of the ball 1s analyzed by analyzing,
the captured image, and the landing point 1s determined
as the center position of the target area.

[0305] (d) In addition, processing of analyzing at least
any one ol a user action, a user line-of-sight, a user
operation, a user position, or a user posture, and deter-
mining the target area on the basis of an analysis result.

[0306] Returning to the flow illustrated 1n FIG. 13, the
description will be continued.
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[0307] As described above, the object 1dentification unit
126 of the data processing unit 120 of the image processing
apparatus 100 executes the target areca determination pro-
cessing 1n step S104.

(Step S105)

[0308] Next, in step S105, the data processing unit 1den-
tifies the real object 1n the target area.

[0309] Specifically, object 1dentification processing 1s
executed, such as that the target area 1s a pond, a tree, or the
like.

[0310] As described above, the object 1dentification pro-
cessing of the real object 1s executed by applying the
semantic segmentation processing, for example.

[0311] The semantic segmentation 1s a technology of
identifying which object category each of constituent pixels
(pixels) of an 1mage belongs to, on the basis of a matching
degree between, for example, dictionary data (learned data)
for object i1dentification in which shape information and
other feature information of various actual objects are reg-
istered and, for example, an object 1n a camera-captured
1mage.

[0312] Note that, the 1dentification processing of the real
object executed by the object identification unit 126 1is
executed for only the target area or only a limited range of
a surrounding area including the target area. By performing
such processing 1n a limited range, high-speed processing,
that 1s, real-time processing can be performed.

[0313] The result of 1dentification of the real object in the
target area analyzed by the object identification unit 126 1s
input to the content display control unit 131 and the content
sound control unit 132 of the data output unit 130.

(Step S106)

[0314] Next, in step S106, a type and an output mode of
a virtual object to be displayed in the target area are
determined on the basis of the 1dentified real object (class)
in the target area.

[0315] This processing 1s processing executed by the
content display control unit 131 and the content sound
control unit 132 of the data output unit 130 of the image
processing apparatus 100 illustrated 1in FIG. 9.

[0316] The content display control unit 131 and the con-
tent sound control unit 132 of the data output umt 130 refers
to the class-associated virtual object data 135 1n which the
data described earlier with reference to FIG. 12 1s recorded,
to determine the type and the output mode of the virtual
object to be displayed in the target area.

[0317] That 1s, processing and the like 1s executed of
selecting an entry 1n which the real object type (class) in the
target area 1s recorded from each entry of the class-associ-
ated virtual object data 135 and determining the fancy-dress
object recorded 1n the entry as the output object.

(Step S107)

[0318] Finally, 1n step S107, the virtual object 1s output
(displayed) to the target area in accordance with the type and
the output mode of the virtual object to be displayed in the
target area determined 1n step S106.

[0319] This processing 1s also processing executed by the
content display control unit 131 and the content sound
control unit 132 of the data output unit 130 of the image
processing apparatus 100 illustrated 1in FIG. 9.
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[0320] The content display control umt 131 mnputs an
object 1dentification result for the target area from the object
identification unit 126, determines selection processing and
a display mode of a virtual object (character or the like) to
be displayed in accordance with the object identification
result, and displays the virtual object on the display unit 133.
[0321] Specifically, the display processing 1s executed of
the virtual object (character or the like) as illustrated in
FIGS. 2 to 4, 7, and 8 described earlier, for example.
[0322] Furthermore, the content sound control unit 132
inputs the object identification result for the target area from
the object identification unit 126, determines a sound to be
output 1n accordance with the object i1dentification result,
and outputs the sound via the speaker 134.

[0323] Specifically, for example, as illustrated 1n FIG. 7
described earlier, in a case where a virtual object appears
from a pond that 1s a real object, processing of outputting a
sound of water 1s executed.

(3-(2) Sequence of Processing of Setting Set Area of Target
Area 1n Substantially Horizontal Surtace)

[0324] Next, with reference to a flowchart illustrated 1n
FIG. 16, a sequence will be described of processing of
setting a set areca ol the target area in a substantially
horizontal surface.

[0325] In a case where a virtual object such as a character
1s displayed on a real object 1n the real world, 11 the virtual
object 1s displayed on the ground surface if the real object 1s
in the outdoors, and on the tloor if the real object 1s indoors,
more natural character display becomes possible, and 1t
becomes possible to give the user a sense that the character
actually exists in the real world.

[0326] For this purpose, 1t 1s effective to perform control
to set the target area to be an output area of the virtual object
that 1s the character, in a substantially horizontal surface
such as on the ground surface or on the floor.

[0327] The flowchart illustrated 1n FIG. 16 1s a flowchart
explaining a processing sequence of the image processing
apparatus 100 that executes such processing.

[0328] Heremafter, processing will be described of each
step of the flowchart illustrated in FIG. 16.

[0329] Note that, the processing of steps S101 to S103 and
steps S105 to S107 of the flowchart illustrated 1n FIG. 16 1s

processing similar to the processing of a corresponding step
of the basic processing flow described earlier with reference

to FIG. 13.

[0330] The processing in steps S301 to S303 and the
processing 1n step S104 of a flow illustrated 1n FIG. 16 are
points different from the flow illustrated in FIG. 13
described earlier.

[0331] The processing of each step will be described.

(Step S301)

[0332] Step S301 i1s processing ol mnputting the sensor
detection information from the motion sensor 113 of the data
input unit 110 of the image processing apparatus 100 1llus-
trated 1n FIG. 9 to the device posture analysis unit 124 of the
data processing unit 120.

[0333] As described earlier with reference to FIG. 9, the
motion sensor 113 includes a gyro, an acceleration sensor,
and the like, and 1s a sensor that detects the posture and
movement of the image processing apparatus 100 main
body, for example, an HMD or a smartphone.
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[0334] The sensor detection information 1s mput from the

motion sensor 113 to the device posture analysis unit 124 of

the data processing unit 120.

(Step S302)

[0335] Next, in step S302, a gravity direction 1s estimated
on the basis of motion sensor detection information.
[0336] This processing 1s processing executed by the
device posture analysis unit 124 of the data processing unit
120 illustrated in FIG. 9.

[0337] The device posture analysis unit 124 of the data
processing unit 120 calculates the gravity direction by using,
the sensor detection information from a gyro, an acceleration
sensor, and the like constituting the motion sensor 113.

(Step S303)

[0338] Next, i step S303, detection processing of a hori-
zontal surface area 1s performed.

[0339] This processing 1s processing executed by the
object 1dentification unit 126 illustrated in FIG. 9.

[0340] The object identification unit 126 detects the hor-
zontal surface area in the three-dimensional map by using
the three-dimensional map generated by the three-dimen-
sional map generation unit 122 and gravity direction infor-
mation input from the device posture analysis unit 124.
Specifically, for example, the ground surface, the floor
surface, or the like 1s detected.

[0341] Note that, the horizontal surface area to be detected
1s not limited to a complete horizontal surface, and 1s only
required to be a substantially horizontal area.

[0342] For example, a certain degree of unevenness, a
slope having a certain degree of gradient, or the like 1s also
determined and detected as the horizontal surface area.
[0343] It 1s possible to set 1n advance how much uneven-
ness or inclination 1s allowed as the horizontal surface area.

(Step S104)

[0344] Next, mn step S104, the data processing unit
executes target area determination processing.

[0345] However, in the present processing example, the
target area 1s selected only from the horizontal surface area
detected 1n step S303.

[0346] This processing 1s processing executed by the

object 1dentification unit 126 of the data processing unit 120
illustrated 1n FIG. 9.

[0347] The object 1dentification unit 126 determines the
target area to be the virtual object display area only within
the horizontal surface area detected 1n step S303.

[0348] As described above, various methods can be
applied to the target area determination processing.

[0349] For example, 1t can be performed by using an
image of the user’s finger included 1n the three-dimensional
map.

[0350] That 1s, an intersection 1s obtained between the
extension line in the pointing direction of the user and the
horizontal surface area that i1s the real object on the three-
dimensional map and 1s determined to be the horizontal
surface such as the ground surface or the floor surface, and
a circular area having a predefined radius centered on the
intersection with the horizontal surface 1s determined as the
target area.

[0351] Note that, as the data used to determine the target
area, various types of information can be used as described
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carlier with reference to FI1G. 13. For example, the following
input iformation may be used.
[0352] (a) User line-of-sight information analyzed by
the internally-captured 1mage analysis unit 123
[0353] (b) Posture and movement information of the
image processing apparatus 100 main body analyzed by
the device posture analysis unit 124
[0354] (c¢) User operation mformation input via the
operation unit 114
[0355] (d) User voice mnformation analyzed by the
sound analysis unit 125
[0356] For example, the target area may be determined by
using any of these pieces ol mput information.
[0357] The processing 1n steps S101 to S103 and the
processing of step S105 and subsequent steps are similar to
the processing i1n the flowchart illustrated in FIG. 13
described earlier.
[0358] In the present processing example, 1t becomes
possible to perform control to set the target area to be the
output area of the virtual object that 1s the character, 1n the
substantially horizontal surface such as on the ground sur-
face or on the floor.
[0359] As aresult, in a case where a virtual object such as
a character 1s displayed on a real object 1n the real world,
display becomes possible so that the virtual object 1s 1n
contact with the horizontal surface area, such as on the
ground surface if the real object 1s outdoors or on the floor
if the real object 1s indoors, and more natural character
display becomes possible, and 1t becomes possible to give
the user a sense that the character actually exists in the real
world.

(3-(3) Update Sequence for Real Object Identification
Processing)

[0360] Next, a description will be given of an update
sequence lor the real object 1denftification processing
executed by the object 1dentification unait.

[0361] As described earlier with reference to FIGS. 10, 11,
and the like, the object i1dentification unit 126 in the data
processing unit 120 of the image processing apparatus 100
illustrated 1n FIG. 9 executes the 1dentification processing of
the real object 1n the target area immediately aiter the target
area 1s determined, and thereafter, repeatedly executes the
object 1dentification processing for the area and sequentially
updates the spatial map data illustrated 1n FIG. 10.

[0362] However, an mterval of the update processing
varies depending on a type (class) of the identified real
object.

[0363] Specified data of update times different depending

on the type (class) of the real object 1s registered 1n advance
as the class-associated update time data 128.

[0364] The class-associated update time data 128 1s data 1n
which the following pieces of data are associated with each

other as described earlier with reterence to FIG. 11.
[0365] (a) ID

[0366] (b) Category
[0367] (c) Class
[0368] (d) Update time (sec)

[0369] The (a) ID 1s an identifier of registered data.
[0370] The (b) category 1s a category of a type (class) of
the real object.

[0371] The (c) class 1s type information of the real object.
[0372] The (d) update time (sec) 1s a time indicating an
update 1nterval of the real object 1dentification processing.
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[0373] For example, 1n a case of the class (object type) of
ID001=lawn, the update time 1s 3600 sec (=1 hour). In an
object such as the lawn, a change with a lapse of time 1s
small, and the update time 1s set to be long.

[0374] On the other hand, for example, in a case of the
class (object type) of ID=004=shadow, the update time 1s 2
sec. In an object such as the shadow, a change with a lapse
of time 1s large, so that the update time 1s set to be short.
[0375] The object 1dentification unit 126 refers to the data
of the class-associated update time data 128, and repeatedly
executes the object 1dentification processing at a time nter-
val defined for the 1dentified object as needed. Real objects
detected by new 1dentification processing are sequentially
registered as the spatial map data 127 described with refer-
ence to FIG. 10.

[0376] A flowchart 1llustrated 1n FIG. 17 1s a flowchart
explaining processing including a repeated execution
sequence of the object 1dentification processing.

[0377] Heremafter, processing will be described of each
step of the flowchart illustrated 1n FIG. 17.

[0378] Note that, the processing of steps S101 to S105 and
the processing of steps S106 to S107 of the flowchart
illustrated 1n FIG. 17 are similar to the processing of each

step of the basic processing flow described earlier with
reference to FIG. 13.

[0379] The processing in steps S401 and S402 of a flow

illustrated 1 FIG. 17 1s a diferent point from the flow
illustrated 1n FIG. 13 described earlier.

[0380] The processing of each step will be described.

(Step S401)

[0381] In steps S101 to S105, the determination of the
target area and the 1dentification processing of the real object
(class) of the target area are executed, and then the process-
ing of step S401 1s executed.

[0382] In step S401, a result of object 1dentification pro-
cessing for the target area executed 1n step S105 1s recorded
in the spatial map data.

[0383] As described earlier with reference to FIG. 10, the
spatial map data stores associated data of each of the
tollowing data.

[0384] (a) Time stamp (sec)
[0385] (b) Position mformation
[0386] (c) Class
[0387] (d) Elapsed time after identification processing
(sec)
[0388] The (a) time stamp (sec) 1s time mnformation on

execution of the object 1dentification processing.

[0389] The (b) position information 1s position mforma-
tion of a real object that 1s an object 1dentification target.
[0390] The (c) class 1s object type information as an object
identification result.

[0391] The (d) elapsed time after identification processing
(sec) 1s an elapsed time from completion of the object
identification processing.

[0392] In step S401, for the real object in the target area

identified 1n step S105, these pieces of data are registered 1n
the spatial map data.

(Steps S106 to S107)

[0393] The processing of steps S106 to S107 1s similar to
the processing described earlier with reference to FIG. 13.
That 1s, the following processing 1s executed.
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[0394] In step S106, the type and the output mode of the
virtual object to be displayed in the target area are deter-
mined on the basis of the 1dentified real object (class) 1n the
target area.

[0395] In step S107, the virtual object 1s output (dis-
played) to the target area 1n accordance with the type and the
output mode of the virtual object to be displayed in the target
area determined in step S106.

(Step S402)

[0396] Moreover, after the processing of step S107, 1n step
S402, 1t 1s determined whether or not an elapsed time after
the 1dentification processing of the real object 1n the target
area executed 1n step S1035 exceeds the “(d) update time”
defined 1n the class-associated update time data described
with reference to FIG. 11.

[0397] In a case where 1t 1s determined that the elapsed
time exceeds the update time, the processing returns to step
S101, and the processing of step S101 and subsequent steps
1s repeatedly executed.

[0398] That 1s, the determination of the target area and the
real object 1dentification processing for the target area are
executed again.

[0399] In this processing, if the position of the target area
has not been changed, the real object identification 1s
executed again 1n the target area at the same position.
[0400] On the other hand, 11 the position of the target area
has been changed, the real object 1dentification 1s executed
in the target area at a new position.

[0401] By performing these types of processing, it
becomes possible to immediately perform the processing of
updating the target area and the processing of updating the
result of identification of the real object, and 1t becomes
possible to perform timely virtual object display processing
according to the movement or the instruction of the user.

[4. Hardware Configuration Example of Image Processing
Apparatus|

[0402] Next, with reference to FIG. 18, a hardware con-
figuration example will be described of the image processing
apparatus that executes the processing according to the
above-described embodiment.

[0403] Hardware illustrated 1n FIG. 18 1s an example of a
hardware configuration of the 1mage processing apparatus
100 of the present disclosure described with reference to
FIG. 9.

[0404] The hardware configuration illustrated in FIG. 18
will be described.

[0405] A central processing unit (CPU) 301 functions as a
data processing unit that executes various types of process-
ing in accordance with a program stored in read only
memory (ROM) 302 or a storage unit 308. For example, the
processing 1s executed according to the sequence described
in the above-described embodiments. Random Access

Memory (RAM) 303 stores the program executed by the
CPU 301, data, and the like. These CPU 301, ROM 302, and
RAM 303 are connected to each other by a bus 304.

[0406] The CPU 301 1s connected to an input/output
interface 3035 via the bus 304, and the input/output 1nterface
305 1s connected to: an mput unmit 306 including various
sensors, a camera, a switch, a keyboard, a mouse, a micro-
phone, and the like; and an output unit 307 including a
display, a speaker, and the like.
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[0407] The storage unit 308 connected to the input/output
interface 305 includes, for example, a hard disk or the like,
and stores the program executed by the CPU 301 and various
data. The commumication unit 309 functions as a data
communication transmission/reception unit via a network
such as the Internet or a local area network, and further a
transmission/reception unit for broadcast waves, and com-
municates with an external apparatus.

[0408] A drive 310 connected to the input/output interface
305 drives a removable medium 311 such as a magnetic
disk, an optical disk, a magneto-optical disk, or a semicon-
ductor memory such as a memory card, and executes data
recording or reading.

5. Summary of Configuration of Present Disclosure

[0409] In the above, the embodiments of the present
disclosure have been described 1n detail with reference to
specific embodiments. However, 1t 1s self-evident that those
skilled 1n the art can make modifications and substitutions of
the embodiments without departing from the gist of the
present disclosure. In other words, the present invention has
been disclosed 1n the form of exemplification, and should
not be interpreted restrictively. To determine the gist of the
present disclosure, the scope of claims should be taken 1nto
consideration.
[0410] Note that, the technology disclosed 1n this speci-
fication can have the following configuration.
[0411] (1) An 1mage processing apparatus ncluding:
[0412] an object 1dentification unit that executes 1den-
tification processing of a real object 1n a real world; and
[0413] a content display control unit that generates an
augmented reality (AR) image in which a real object
and a virtual object are superimposed and displayed, 1n
which
[0414] the object 1dentification unit
[0415] executes object identification processing of 1den-
tifying a real object in a display area for the virtual
object, and
[0416] the content display control unit
[0417] selects a virtual object to be displayed depending
on an object 1dentification result identified in the object
identification unit.

[0418] (2) The image processing apparatus according to
(1), 1n which

[0419] the object 1dentification unit

[0420] executes object identification processing by

image recognition processing.

[0421] (3) The image processing apparatus according to
(2), 1n which

[0422] the object 1dentification unit

[0423] executes object i1dentification processing by

applying semantic segmentation processing.
[0424] (4) The image processing apparatus according to
any of (1) to (3), in which
[0425] the object 1dentification unit
[0426] determines a target area to be a display area for
the virtual object, and executes 1dentification process-
ing of a real object 1n the target area determined.
[0427] (5) The image processing apparatus according to
(4), 1n which
[0428] the object 1dentification unit

[0429] determines the target area on the basis of at least
any one of a user action, a user line-of-sight, a user
operation, a user position, or a user posture.
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[0430] (6) The image processing apparatus according to
(4) or (5), 1n which
[0431] the object 1dentification unit
[0432] selects and determines the target areca from a
horizontal surface area.

[0433] (7) The image processing apparatus according to
(6), 1n which
[0434] the content display control unit

[0435] displays the virtual object such that the virtual
object 1s 1n contact with the horizontal surface area.

[0436] (8) The image processing apparatus according to
(1) to (7), 1n which
[0437] the object identification unit

[0438] executes the object 1dentification processing as
real-time processing.

[0439] (9) The image processing apparatus according to
any of (1) to (8), in which

[0440] the object identification unit

[0441] repeatedly executes object identification pro-

cessing at a time 1nterval defined 1n advance depending
on an object type.

[0442] (10) The image processing apparatus according to
any of (1) to (9), turther including
[0443] a three-dimensional map generation unit that
generates a three-dimensional map of the real world
based on a camera-captured 1mage, in which

[0444] the object identification unit

[0445] determines a target area to be a display area for
the virtual object by using the three-dimensional map.

[0446] (11) The image processing apparatus according to
(10), 1n which
[0447] the three-dimensional map generation unit

[0448] generates a three-dimensional map of the real

world by simultaneous localization and mapping
(SLAM) processing.

[0449] (12) The image processing apparatus according to
any of (1) to (11), 1n which

[0450] the content display control unit

[0451] selects a virtual object to be displayed depending

on an object 1identification result identified in the object
identification unit, and

[0452] also controls a display mode of the virtual object
to be displayed depending on the object identification
result.

[0453] (13) The image processing apparatus according to
any of (1) to (12), further including
[0454] a content sound control unit that executes sound
output control, 1n which

[0455] the content sound control unait

[0456] determines and outputs a sound to be output
depending on an object 1dentification result 1dentified
in the object identification unait.

[0457] (14) An 1mage processing method executed 1n an
image processing apparatus, the method including:

[0458] executing, by an object i1dentification unit, an
object 1dentification processing step of executing 1den-
tification processing of a real object 1n a real world; and

[0459] executing, by a content display control unit, a
content display control step ol generating an aug-
mented reality (AR) image 1n which a real object and
a virtual object are superimposed and displayed, 1n

which
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[0460] the object 1dentification processing step

[0461] 1s a step of executing object 1dentification pro-
cessing of identiiying a real object 1n a display area for
the virtual object, and

[0462] the content display control step

[0463] executes a step of selecting a virtual object to be
displayed depending on an object 1dentification result
identified 1n the object 1dentification processing step.

[0464] (15) A program for causing 1image processing to be
executed 1n an 1image processing apparatus, the program:

[0465] causing an object 1dentification umt to execute
an object i1dentification processing step ol executing
identification processing of a real object in a real world,;

[0466] causing a content display control unit to execute
a content display control step of generating an aug-
mented reality (AR) 1mage 1n which a real object and
a virtual object are superimposed and displayed;

[0467] 1n the object 1dentification processing step,

[0468] causing object identification processing to be
executed, the object 1dentification processing 1dentify-
ing a real object 1n a display area for the virtual object;

and
[0469] 1n the content display control step,
[0470] causing a step to be executed, the step selecting

a virtual object to be displayed depending on an object

identification result 1dentified 1n the object identifica-

tion processing step.
[0471] Furthermore, the series ol processing steps
described 1n the specification can be executed by hardware,
soltware, or a combination of both. In the case of executing
processing by software, it 1s possible to install and execute
a program recording the processing sequence 1n a memory
in a computer icorporated in dedicated hardware, or to
install and execute the program 1n a general-purpose com-
puter capable of executing various types of processing. For
example, the program can be recorded in a recording
medium 1n advance. In addition to installing from the
recording medium to the computer, the program can be
received via a network such as a local area network (LAN)
or the Internet, and installed 1n the recording medium such
as a built-in hard disk.
[0472] Note that, the various types of processing described
in the specification are not only executed in chronological
order 1n accordance with the description but also may be
executed 1n parallel or mdividually depending on the pro-
cessing capability of the apparatus that executes the pro-
cessing or depending on necessity. Furthermore, in this
specification, the term “system” 1s a logical group configu-
ration of a plurality of apparatuses, and 1s not limited to the
one 1 which the apparatuses of each configuration are 1n the
same housing.

INDUSTRIAL APPLICABILITY

[0473] As described above, according to a configuration of
an embodiment of the present disclosure, an apparatus and
a method are implemented that performs selection or display
mode change of a virtual object to be displayed depending,
on a real object type 1n a target area to be a display area for
the virtual object.

[0474] Specifically, for example, included are the object
identification unit that executes 1dentification processing of
the real object 1n the real world, and the content display
control unit that generates the AR 1mage 1n which the real
object and the virtual object are superimposed and dis-
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played. The object 1dentification unit identifies a real object
in the target area to be the display area for the virtual object,
and the content display control unit performs processing of
selecting the virtual object to be displayed or processing of
changing the display mode depending on the object 1dent-
fication result.

[0475] With this configuration, an apparatus and a method
are 1mplemented that performs selection or display mode
change of a virtual object to be displayed depending on a
real object type 1n a target area to be a display area for the
virtual object.

REFERENCE SIGNS LIST

[0476] 10 Light transmission type AR image display
device

[0477] 11 Target area

[0478] 21 Transmission observation image

[0479] 22 to 24 Virtual object image

[0480] 30 Camera-captured image display type AR

image display device

[0481] 31 Camera

[0482] 32 Camera-captured image

[0483] 40 Smartphone

[0484] 41 Camera

[0485] 42 Camera-captured image

[0486] 50 Virtual object image on the water
[0487] 51 Virtual object image 1n the water
[0488] 52 Virtual object image

[0489] 53, 54 Virtual object shadow 1mage
[0490] 100 Image processing apparatus
[0491] 110 Data input unit

[0492] 111 External imaging camera

[0493] 112 Internal imaging camera

[0494] 113 Motion sensor (gyro, acceleration sensor,

and the like)

[0495] 114 Operation unit

[0496] 115 Microphone

[0497] 120 Data processing unit

[0498] 121 Externally-captured image analysis unit
[0499] 122 Three-dimensional map generation unit
[0500] 123 Internally-captured image analysis unit
[0501] 124 Device posture analysis unit

[0502] 125 Sound analysis unit

[0503] 126 Object 1identification unit

[0504] 127 Spatial map data

[0505] 128 Class-associated update time data
[0506] 130 Data output unait

[0507] 131 Content display control unit

[0508] 132 Content sound control unit

[0509] 133 Dasplay unit

[0510] 134 Speaker

[0511] 135 C(lass-associated virtual object data (3D

model, sound data, and the like)

[0512] 140 Communication unit
[0513] 301 CPU

[0514] 302 ROM

[0515] 303 RAM

[0516] 304 Bus

[0517] 305 Input/output interface
[0518] 306 Input unit

[0519] 307 Output unit

[0520] 308 Storage unit

[0521] 309 Communication unit
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310 Drive
311 Removable medium

10522]
10523]

1. An information processing system comprising:
a first information processing apparatus; and
a second information processing apparatus comprising
circuitry configured to
receive an 1mage ol a real space captured by an 1mage
capturing device;
identify at least one feature point based on the received
1mage;
generate a three-dimensional map of the real space
based on the at least one 1dentified feature point;
determine a first target area based on the generated
three-dimensional map; and
control a display to display a first virtual object,
wherein the first virtual object 1s related to a real object 1n
the first target area.
2. The information processing system according to claim
1,
wherein the first virtual object 1s displayed in spatial
relation to the first target area based on information
related to the first information processing apparatus.
3. The information processing system according to claim
2,
wherein the information related to the first information
processing apparatus includes direction information
indicating a direction of the first information processing
apparatus.

4. The information processing system according to claim
1,
wherein the circuitry 1s further configured to determine a
second target area based on user operation imnformation
regarding an operation input from the first information
processing apparatus.
5. The information processing system according to claim
4,
wherein the circuitry 1s further configured to control the
display to display a second virtual object in spatial
relation to the second target area,

wherein the second virtual object 1s different from the first
virtual object, and

wherein the second virtual object 1s related to a real object
in the second target area.

6. The information processing system according to claim

S,
wherein the second virtual object 1s displayed in the
spatial relation to the second target area based on
information related to the first information processing
apparatus.
7. The information processing system according to claim
1,
wherein the first information processing apparatus i1s

spatially separated from the second information pro-
cessing apparatus.

8. The information processing system according to claim
1,

wherein the first information processing apparatus
includes a bar-shaped member.

9. An information processing method comprising:

receiving an image ol a real space captured by an 1image
capturing device;

identifying at least one feature point based on the recerved
1mage;
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generating a three-dimensional map of the real space
based on the at least one identified feature point;

determining a {irst target area based on the generated
three-dimensional map; and

displaying a first virtual object,

wherein the first virtual object 1s related to a real object 1n

the first target area.

10. The information processing method according to
claim 9,

wherein the first virtual object 1s displayed in spatial

relation to the first target area based on information
related to a first information processing apparatus.

11. The information processing method according to
claim 10,

wherein the information related to the first information

processing apparatus includes direction information
indicating a direction of the first information processing
apparatus.

12. The information processing method according to
claim 9, further comprising:

determiming a second target area based on user operation

information regarding an operation mput from a first
information processing apparatus.

13. The information processing method according to
claim 12, further comprising:

displaying a second virtual object in spatial relation to the

second target area,

wherein the second virtual object 1s different from the first

virtual object, and

wherein the second virtual object 1s related to a real object

in the second target area.

14. The information processing method according to
claim 13,

wherein the second virtual object 1s displayed in the

spatial relation to the second target area based on
information related to the first information processing
apparatus.

15. A non-transitory computer-readable storage medium
having embodied thereon a program, which when executed
by a computer causes the computer to execute an informa-
tion processing method, the information processing method
comprising;

recerving an 1mage of a real space captured by an image

capturing device;

identilying at least one feature point based on the received

1mage;

generating a three-dimensional map of the real space

based on the at least one 1dentified feature point;
determining a {first target area based on the generated
three-dimensional map; and

displaying a first virtual object,

wherein the first virtual object 1s related to a real object 1n

the first target area.

16. The non-transitory computer-readable
medium according to claim 15,

wherein the first virtual object 1s displayed in spatial

relation to the first target area based on information
related to a first information processing apparatus.

17. The non-transitory computer-readable storage
medium according to claim 16,

wherein the mformation related to the first information

processing apparatus includes direction information
indicating a direction of the first information processing
apparatus.
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18. The non-transitory computer-readable storage
medium according to claim 15, wherein the method further
COmprises:

determining a second target area based on user operation

information regarding an operation input from a first
information processing apparatus.

19. The non-transitory computer-readable storage
medium according to claim 18, wherein the method further
COmMprises:

displaying a second virtual object in spatial relation to the

second target area,

wherein the second virtual object 1s different from the first

virtual object, and

wherein the second virtual object is related to a real object

in the second target area.

20. The non-transitory computer-readable storage
medium according to claim 19,

wherein the second virtual object 1s displayed in the

spatial relation to the second target area based on
information related to the first information processing
apparatus.
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